Static domain analysis for compiling commutative loop nests by Le Fur, Marc et al.
Static domain analysis for compiling commutative loop
nests
Marc Le Fur, Jean-Louis Pazat, Franc¸oise Andre´
To cite this version:
Marc Le Fur, Jean-Louis Pazat, Franc¸oise Andre´. Static domain analysis for compiling com-
mutative loop nests. [Research Report] RR-2067, INRIA. 1993. <inria-00074605>
HAL Id: inria-00074605
https://hal.inria.fr/inria-00074605
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
a ppor t  

d e  r ech er ch e 
1 9 9 3 
PROGRAMME  1


Architectures parallèles,
bases de données,
 réseaux et systèmes distribués

Static Domain Analysis for Compiling
Commutative Loop Nests
Marc Le Fur, Jean-Louis Pazat, Franc¸oise Andre´
N˚ 2067
Octobre 1993
 	
ﬁﬀ	ﬀﬃﬂ !"#$	%	ﬁ&
!"')(*,+.-/0*# 12-ﬀ34ﬀ
57698:<;=$>4?@8BADCE=F69GDHI;JE?DKMLﬁN6POP69QRA>48S69GT:JEKUL=WVXGY38@Z=\[
]4^`_ab^Iced*d*fhgjikl^ImonPprq`f%m,q`sP^oftuvc^,cwrwMxfwrft	yBzEct`f{t}|Bfh|B_b~P~fft%yE^Pftof	csB
fqtoRtoq	xfdXft|Bprt`qo^`przPsf{t
]D^o_	,fq]Ek}<]Ek
ceuPuE_^`q|Bfh^of	monPf^,m`n9f~hBŁbi}mq`_z9^`fﬁg	blig{uEcaf{t
{	veU~qonPfvf{w| _e¡tIm,prf~Bqop¢£mm_d*u9sPqIceq`pr_~¤y¥dc~BﬁsPtof^`t¦prt`n0qo_Ws9t`f*qonPf
t`f	§bsPf{~Rqop¨cwEuP^`_ba^Iced*dXp©~9ad*_P|BfwUyfªbf~*qonP_s9anq`n9f*cprd«q`_hfFf%m,sPq`fqonPfpr^¬u9^`_ab^Iced
_~0c*­lprt`qo^`przPsPqof	|0ﬁfdX_^`<]Dc^,cwrwrfw®_dXuPsPq`f{^¯U­<]®°±¥²@_Xd*ff{q}qonPprth|Bfdce~v|£y
t`_bd*fuP^o_qo_qUBuvf{t¬_e¡¥m,_bd*uPprwrf^ot¤nvc%ªbfzvff{~|Bftopra~Pf	|qo_ﬁ³I|Bprt`qo^`przPsPqof´htof	§bsPf~Bq`p¨cwEuP^o_µ
a^,cd*t_~Bqo_­<]®t%±U~ q`nPprtluvcuEf^	y¥¦¬fhu9^`ftof~BqctoqIcqop¨mh|B_dﬁcpr~ce~vcwrBt`prtl¦nPp¨m`n
wrf	c|Btq`_qonPfaf~9f^Iceq`pr_~ﬁ_¡Df,¶m,prf~Bqm,_P|Bf¡·_^q`nPftofhdcbmonPpr~Pft	±3²nPprtc~EcwrBt`prt¬^ofwrprft
_~ﬁq`n9fhf~BsPd*f{^Icqopr_~*_e¡@qonPfhuE_pr~Bq`t_e¡4cuE_wrBnPf	|B^o_~<¦n9pmonﬁprtzvctof	|ﬁ_b~wrpr~Pf	ce^c~v|
pr~Rqofaf{^uP^`_ba^Iced*dXp¢~PaE±
¸X¹Rº£»o¼h½E¾@e<­prtoq`^`przPs9q`f	|dXfd*_b^`uvc^,cwrwrfwvm,_bd*uPs9q`f^ot	yBm,_dXuPprwceq`pr_~3ywr_B_u*|Bprt`qo^`p¿µ
zPsPqop©_b~¤yP|B_bdcpr~c~vcewrRtoprt	yBwrpr~Pf	c^c~E|*pr~Bq`f{af^uP^o_ab^IcdXd*pr~PaE±
À¨ÁÂ
ÃMÄUÅ	Æ
Â
ÃDÇDÈrÄUÉMÊË
ÌUÍÎ¢ÏUÐ¿ÑÒÔÓ¥ÕÖÒ·Õ¢×ÙØeÚ Ð¢Ò,ÛUÜØÝ`Ø{ÞMÓ¥ÕÖÒ·Õ¢×ÙØÚ Ð¿ÒIÛoÐ©Øßà%ÒMÏ,Ó£ÕÖÒ·Õ¢×·ØÚ Ð¢Ò
Unite´ de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
Te´le´phone : (33) 99 84 71 00 – Te´le´copie : (33) 99 38 38 32
.ﬀD- ﬀ3

(ﬁ-<- ﬁ-}ﬀ«#0( 	
# <-ﬀ <  ﬀ<-0(	-}ﬀﬃ')(X4¬ﬂﬀ
	
¹P
¹ﬁh­c~Pt w©f|B_dﬁcpr~Pf|Bs*mcewmsPw£tIm,prf~Bqop¢£§s9fyBzvf%csvm,_bsPu| s9q`prwrp©t,cqofsP^`tt`_bsBµ
nvcprqof~BqhuP^`_ba^,cd*dXf^f{~0sPq`prwrprtIc~Bqhs9~0d*_P|£xfwrftPf	§bsPf~Bqop©f{wMyDdfd*f w©_b^`t,§s prwrtªBp©tof~Bq
sP~Pff,f	m,s9q`pr_~ﬁt`s9^sP~Pfh<cmonPpr~Pfh]Dc^,cwrwMxfwrfxc\fdX_pr^`f­lprt`qo^`przPsff¯U<]<­°±P]3_bsP^
tIceq`prtU¡Mcepr^`fm,fqoq`f|Bfdce~v|Bfy§bsPf{w§bsPf{t¤uP^o_q`_bqUBuvft|Bfm,_dXuPprwceq`fs9^`tE_~Bq}fqPf|fªbfwr_uPuft
uv_bsP^h³,|Bprt`q`^oprzPsPf^o´|Bftu9^`_ab^Iced*d*f{t¤tPf%§s9f~Bq`prfwrt¬tosP^¬|Bf{t <] <­±­c~Pt¬mf^IceuPuE_^`q%y
~P_s9tuP^Pftof~Bq`_b~PtﬁsP~PfWce~vcwrBt`fﬁt`q,cqop§bsPf |BfW|B_bdcpr~Pf{thuvf{^`d*f{q`qIce~Bq*w¨c<u9^`_P|Bsvm,qopr_~
| sP~m,_P|Bfﬁf,¶mcbm,f<uE_sP^m,ftXdcbm`n9p©~9ft	±D®fq`qof<c~vcew©Btof*ftoqzvctPffﬁt`sP^w`f~BsPd f{^Ic%µ
q`pr_~|BftuE_pr~Bq`t¬| sP~uE_wr£xf	|B^of}§bsPpPqo^`_bsPªflt`ft ¡Ù_~E|Bfd*f{~Rqot¬|Pce~Ptw¨cluP^`_ba^Iced*dﬁcq`pr_b~
wrp©~f	cpr^`flfqf~Bq`pUxf^of±
\½v{»Iﬀ
¹*<cbm`n9p©~9ftDuvc^,cwrwMxfwrftxcd fd*_bp¢^of4|Fp©toq`^op©z9s ffyBm,_dXuPprw¨cq`pr_b~¤yI|Fp©toq`^op©z9sPq`pr_~
|Bfzv_bsvm,wrft%yvc~EcwrBt`fh|Bfh|B_dﬁcpr~Pft%yu9^`_ab^Iced*dceq`pr_~w©pr~f%cpr^`ffqf~BqopMxf{^`f±
 	
ﬀﬁﬂﬀﬃ "!#$&%'!#(")*+,-/.,0123$540ﬁﬀ3	ﬀ g
6 7
   (ﬁ	
]Dc^Icewrw©f{w}m,_bd*uPsPqof^`t<ce^`f ¦p|Ffwr s9t`f	| pr~ q`nPf vfw¨| _¡t,m,prf~Bq`p¿ m m,_dXuPsPq,cq`pr_b~¤±k
~Pf¦\af~9f^Iceq`pr_~ﬁ_¡Duvc^,cwrwrfw¤m,_bd*uPsPqof^`t%yv­lprt`qo^`przPsPqof	|ﬁﬁfd*_b^`*]Dc^,cwrwrfw¤®_dXuPsPqof^`t
¯M­<]®t,°y¤ce^`f~P_¦ m_d*pr~Papr~Bq`_ﬁªBprf¦h±£­<]®tmce~WzEf*|Bf,E~Pf	|0cthcX~PfqU¦_^98<_¡
³`~P_P|Bf{t`´vy%f	cbmon~P_P|Bfzvf{p©~9acjuP^`_Pm,f{t`t`_b^¬qopranBq`wrhm,_~9~Pf	m,qof	|qo_}prqot@wr_PmcewRdXfd*_b^`B±,²nPf
~BsPdzvf{^@_e¡¤~P_P|Bft_e¡¤q`nPftofuvc^,cwrwrfwPdcbmonPpr~Pft¬mce~zvfab^`f	ceq`f^q`nvce~Wg%ŁŁŁ9±²nPfldcpr~
|Bp: f{^`f~vmfzvfqU¦ff~0­<]®thc~E| ³Im,_b~Bªf~Bq`pr_b~vcwr´uvc^,cwrwrfw@m,_bd*uPs9q`f^otm_d*f{t¡Ù^`_bd
q`nPfw¨cm98_e¡4abwr_zvcewvdXfd*_b^`hpr~<­<]®t	±
]D^`_ba^Iced*dXp©~9a¬qonPprt;8Bp©~E|h_e¡¤uvc^,cwrwrfwBdcmonPpr~Pf{t@prt¬|Fp¢¶msPwrq@zEf	mcesPt`f_e¡ dﬁc~Bw©_¦µ
wrfªfwDuP^o_zPwrfdXt}|Bs9fqo_ cXuP^o_ab^IcdXd*p¿~PadX_P|Bfw¤zEct`f%| _~<uvce^Icew©wrfwm,_bd*dsP~9pm{cq`pr~Pa
uP^`_Pm,f{t`t`f{t	±<Dªbf~qonP_s9anq`nPprtDd*_P|Bfwbprt@¦fwrw&8B~P_¦~¤y%dce~RlsPt`f{^`t_¡ ­<]®tD¦c~BqDq`_
sPt`fcjt`f	§bsPf{~Rqop¨cwEuP^`_ba^Iced*dXp¢~Pad*_P|BfwU±{²nPf_¡Ùqof~hE~v|d*_b^`f~vceq`sP^,cwBq`_ q`sP^o~qonPfpr^
¡Ù_^odsPw¨ctDpr~Bq`_ct`f	§bsPf~Bqopcew¤uP^o_ab^Icd ¯Ùwrp=8f?>3D²k@BADC#EF")G=IHJE#4KﬀLM,+ `°±
NB_dXf@u9^`_qo_qUBuEftD_¡vm,_dXuPprwrf^`t£nvc%ªbfzEff~|Bft`prab~Pf	| q`_*³,|Bprt`qo^`przPsPqof´}cjt`f	§bsPf~Bqopcew
uP^`_ba^,cd"_b~Rqo_.c­<] ®±Of	m{csPtofqonPprtqIct98*prtªf^o |Fp¢¶msPwrq	ybq`nPftof.m_d*u9p©wrf^ot¬^ofwr
_~WcsPt`f{^Uµ`|Bf,v~Pf%||PceqIcﬁ|Bf	m,_bd*uE_top©qopr_~ﬁ¦nPp¨mon<prt}s9t`f	|0cet}cXasPp¨|Bf{w©pr~Pf q`_*abf~Pf^,cqof
m,_dXdsP~Pprmcqop©~9auP^o_Fmft`toft	±P>9_^q`nPprtuPsP^`uE_tofyP~9f¦ m,_b~Pt`qo^`svm,qotnvc%ªbfzEff~<c|9|Bf	|Xq`_
f,Pprt`q`pr~Patof	§bsPf~Bq`p¨cw£w¨ce~Pasvceaft%±RQ_¦fªbf^	yb~P_htop©ab~Pp¿ mce~RqDf3:£_^oq`tnvc%ªbfzvf{f~*dﬁc|Bfq`_
|Bf,v~9fm_d*u9w©f{q`fwr~Pf¦\w¨c~Pabsvcabft	±
S
!"# 	%%&-}UT<<

(-ﬀ
­lsPfhq`_ﬁqonPprtªf{^`<uvce^`qopmsPw¨c^¦c%ﬁ_¡ m_d*u9p©wrpr~PauP^`_ba^,cd*t%yP~Pf{¦ uP^o_zPwrfdXtnvc%ªfq`_
zvfq,cm98Bw©f%|*pr~Xq`nPfEfw¨|*_e¡4m,_bd*uPprwrpr~Paq`f	monP~9p§bsPf{tWV
X
O f	mcs9t`f_e¡vq`n9f¬topMY{f_¡vqonPf¬dﬁcmonPpr~Pf¯·~BsPdzvf{^¤_¡EuP^`_Pm,ftot`_b^`tI°{yPm,_P|Bfaf~Pf{^Icqopr_~
^`f{w©prft_b~ﬁq`nPfZNP] ­\d*_P|BfwU±&<cmonﬁuP^`_Pm,f{t`t`_b^¦prwrwvfFf%m,sPq`fq`n9f}t,cdXfm,_P|Bfh_~
|Bp:£f^`f~Bqluvc^oq`t_e¡@qonPfh|Pcq,cPy
X
pr~h_^,|Bf^3q`_qIc8fpr~Bq`_cbmm,_bsP~Bq¤q`n9f |PceqIc|Bprtoq`^`przPs9q`pr_~t`uEf	m,p¿vf%|hpr~q`nPfuP^o_a^,cd y
q`n9ft`fm,_dXuPprw©f{^`t¤s9t`fc^osPwrfq`_wrpr~8q`nPfFNP]<­ m,_P|Bfaf~9f^Iceq`pr_~¦prq`n q`nPf|PceqIc
|Bprt`qo^`przPsPqopr_~¤±B²nPf ^`sPwrfsPt`sEcwrwrsPt`f	|Xprtmcew©wrf	|XqonPf'[;0\ Z[; \=+0 L)&=0±
²nPft`f q`f%m`n9~Pp¨§s9ft<c^`f sPt`f	| pr~ dc~B0uP^o_	,f	mq`tﬁt`svmon7ctXq`nPf]>9_^oq`^,c~v­ ®_dµ
uPprwrf^_^`Qa²b\b`y¤qonPfcprf~P~vcd>9_^oq`^,c~ ®_bd*uPprw¨cqopr_~eNBBtoq`fd ^`O®Fg£,bÔyce~v|0pr~ _sP^
uP^`_%,f	m,q]Dc~E|B_^ofh`^Ö®nPf	\b`±
NPmcw¨ce^`tc~v| c^`^,c%0fwrfd*f{~Rqot.ce^`fXdcu9uvf	| _b~Bq`_ q`nPfﬁd*f{d*_^oprft_¡q`n9f ­<] ®
uP^`_Pm,f{t`t`_b^`t¬cbmm,_b^I|Bpr~Paq`_lq`nPfsPtof^Uµ`|Bf,v~9f	|*|PceqIcl|Bprt`q`^oprzPsPq`pr_b~¤±W>9_^3tIc8bf¬_e¡vt`prdXuPwrpmp©qUBy
¦¬fctot`sPdXfq`nEcqf	cmon<c^o^Ic%prt¬uEc^`qoprq`pr_~Pf%|pr~Bq`_zPwr_Fm98Bt	ybf	cbm`nﬁzPwr_Pm98zvf{p©~9a.cet`t`prab~Pf	|
q`_lf,vcm,qow© _~PfuP^`_Pm,f{t`t`_b^¯·q`nPf{^`fc^of¬~9_|FsPuPwrp¨mcqoftI°{±RNPmcewce^¤fwrfdXf~Bq`tc^of¬^ofuPwrp¨mcqof	|
_~ﬁcwrw£uP^`_Pm,f{t`t`_b^`t%±
²nPfuP^`pr~vm,pruPwrft_e¡q`nPf'[h0L i[; L=0 L)&M0c^ofhq`nPfl¡Ù_bwrw©_¦pr~PajV
  5 120AP)G &0312)GﬂﬀF
	W;AP  W=ﬀW0K 0
X
·¡}cXt`q,cq`f{d*f~Bqd*_P|Bp¿vfthcXtIm{cw¨c^h_b^c~0c^o^Ic% fwrfd*f{~Rq%yEq`nPfXt`qIceq`fdXf~Bq¦p©wrw
zEfhf,Pf	m,sPqof	| zB*qonPfhuP^o_Fmft`to_^¦nPf^ofqonPf|PceqIcprtdceuPuvf%|<¯·¦¬ft,c%qonvcqqonPf
uP^o_Fmft`to_^'[; ﬀ¬q`n9f|9cqIcf{w©f{d*f~BqI°{y
X
p¿¡vq`n9f¬uP^o_Pm,ft`to_^qonvcqDprt¤qo_uvf^Ô¡Ù_^od clt`qIceq`fdXf~Bq¤~Pf{f	|Btqo_¡Ùfq,mon.c=ﬀ3&v|PceqIc
fwrfdXf~Bq	yBprq¦prw©wE~Pff%|<cm,_B_uEf^Iceq`pr_~ﬁ¦prq`nXq`nPf[;0\ _e¡q`nPfh|PceqIcfwrfdXf~Bq	±
²nPprt¬^osPwrfm{c~ﬁzvftouvf	mp¢Ef	|X¡Ù_b^¬f	cbmontoqIceq`fdXf~Bq¬_e¡@q`n9fht`_bsP^Im,fw¨c~9asvceaf¡·_^c~B
t`f	§bsPf{~Rqop¨cwEwce~PasEcafb±0fsPtofqU¦_touvf%m,p¨cw£pr~Pt`qo^`svmq`pr_~Ptpr~q`nPfpr~Bq`f^od*f	|Fpceq`fKNP] <­
m,_P|Bfu9^`_P|Bsvm,f%|zBqonPf}m_d*u9p©wrf^V
ﬁﬀ
ﬂ<c~E|ﬃ! 
"±#

ﬀ
ﬂ£¯%$'&)(h°sPu£|Pcqoft¬qonPf
wr_Fm{cw@m_uBﬁ_¡q`nPfc^o^Ic%ﬁfwrfdXf~Bq*$*_b~<q`n9fhuP^`_Pm,f{t`t`_b^+("ce~v|,ﬃ! ﬁ"S¯.-&)(h°f,Pf	m,sPqoft
q`nPfXt`q,cq`f{d*f~Bq-7_~ q`nPfﬁuP^o_Pm,ft`to_^/(±¤kﬃt`qo^Icep©abnBqU¡Ù_b^`¦c^I| ¯·zPsPq~vc10 2rªf	° ^`sP~FµMqop©dXf
prd*uPwrfdf~Bq,cq`pr_b~_e¡@q`n9ft`f¡·sP~vm,qop©_b~Ptprtt`nP_¦~ﬁzEfwr_¦ZV
#ﬁﬁﬀ
ﬂ¥¯.$'&)(h°43 576¯.8:9ﬀ
ﬁ;7=<?>3¯.$b°`°,@ﬃ¯%(BA<?8C9Dﬀﬁ
;EE°
FD¹HG<{¹IG4¾4¯.(J&)$°
576¯.8:9ﬀ
ﬁ;7=<?(h°C@ ¯.>3¯%$°#A<?8C9Dﬀﬁ
;EE°
FD¹HGﬁ¹PKD¯%>3¯.$b°L&)$°
ﬃ! ﬁ"%¯%-&M( ° 3 576N8C9Dﬀﬁ
;EO<P( 
FD¹HG,-
¦nPf^ofQ8C9Dﬀﬁ
;EXprt¤q`n9f~vcdXfD_¡Pq`nPfm,sP^`^of~BquP^o_Fmft`to_^	yD>3¯.$°3|Bf~P_bq`ftDqonPf¬_¦~9f^¤_e¡FqonPf
c^o^Ic%*f{w©f{d*f~Bq*$P±£®_bd*dsP~Pp¨mcqopr_~zvfqU¦ff~ uP^o_Fmft`to_^`t p©t>3>¤«c~v|X~P_Xd*ftotIceaft
c^of*wr_toqﬁRﬀﬁ
SUT9¯.V&)W° t`f~E|Btq`nPfﬁªcew©s9f_¡}qonPfce^`^,c%0fwrfd*f~Bq+W q`_ q`n9fu9^`_Pm,ftot`_^
X ¯·q`nPprthtof~v| p©t~P_b~IYRz9w©_Pm98Bpr~PaR°{yZﬁ"1$B¯.V[&MWl°¦ ceprq`tl¡Ù_^ ^`f	m,f{p©ªBpr~Pa<qonPfªcwrsPf_e¡ qonPf
fwrfd*f{~RqJW ¡Ù^o_d"uP^o_Pm,ft`to_^#X±
²nPprtq`^,c~Ptowceq`pr_~t,monPfd*flnvct zvff{~u9^`_ªf%|*m,_b^`^`f%m,q	y9pM± f±eq`nPf^off,Pp©toq`tt`_bd*ff	§bsPp¿µ
ªcwrf~vmfzvfqU¦ff~ qonPf*zEfnvc%ªBpr_sP^ _¡q`nPfﬁ|Bprt`q`^oprzPsPq`f%|0uP^o_a^,cd2c~E| q`nPfXt`f	§bsPf~Bqopcew
_~Pf ^`O®]\²\b`±
^ 7
ﬁ-*_ 	-hﬁﬂﬁDT- hﬀ 	"ﬀDFT-  - ﬂb 7l# %%&
	*#<ﬀ
²nPfhm,_dXuPprwrp©~9atImonPf{d*fprt|Bf,v~Pf%|ceqq`nPftoqIcqofd*f{~Rqwrfªbfw¤c~E|q`nBsPtprdXuPwrp©f{t¬chªbf^`
w¨c^`abf_ªbf^`nPf%c|<ceq^`sP~BµUq`prdXf±GNFp©~Em,fd*_toq¬t,m,prf~Bq`p¿ mhm_F|Fft}ce^`fhzvcet`f	| _~*wr_B_u9t¦¬_b^Uµ
8Bp©~9a ced*_b~Pa*w¨c^oafc^o^Ic%Bt	yDc<m,_bd*uPprwrf^t`nP_bsPw¨|<zEfcezPwrfq`_<abf~Pf^,cqof*f,¶m,prf~Bqm,_P|Bf
¡Ù_^ w©_B_buPt	±bk~Xp©~Bqof^`ftoq`pr~Pam,w¨ctot_¡¤wr_B_uPt¬ce^`fuEf^U¡Ùf%m,q`wr~Pftoq`f	| w©_B_buPt	±bkdX_~Paq`n9fdWy
¦¬fj¡Ù_Pm,sPt_b~*¦nvceq¬¦fhmcwrw³Im,_bd*dsPq,cq`prªfwr_R_bu*~Pf{t`q`to´R9p©~qonPftofhwr_R_buPt	yBqonPfzE_P|B*prt
^`ftoq`^opmq`f	|q`_hc~ctot`pra~PdXf~Bqc~v| prq`f^,cq`pr_b~Ptmc~zEff,Pf	m,sPqof	|pr~c~Bh_b^I|Bf^%±R]Dce^Icwrwrfw
~Pftoq`f	|ﬁwr_B_u9t ce~v|X^`f	|BsEm,q`pr_~ _uEf^Iceq`pr_~Ptf{~vm,_s9~Rqof^`f%|<pr~ﬁtIm,prf~Bqop¢£mu9^`_ab^Iced*taf~Pfµ
^Icew©wrzEfwr_~PaXq`_qonPprt}m,w¨ctotﬁREpr~<c|P|Bprqop©_b~¤yBt`Btoq`fdﬁcq`p¨mlq`^,c~PtÔ¡Ù_^odceq`pr_~Pt_¡t`f	§bsPf~Bqopcew
uP^`_ba^,cd*t uP^`_P|Bsvmfht`svmon<uEc^Icewrw©f{w£w©_B_buPt?^`>D<bŁ\bÔ±
 nPf~<cu9uPwrp©f%|q`_qonPfl¡Ù_wrwr_¦pr~Pam,_bd*dsPq,cqop©ªfwr_B_uX~PftoqWV
6`½v+`a<7g&g	ŁbŁŁ
6`½E#b!<c`J&'d`feXg
- ¯.`g&hbe°Vi(^)`'&DbUjk`,bVl<nm ^%b*&P'd'`j b
 	
ﬀﬁﬂﬀﬃ "!#$&%'!#(")*+,-/.,0123$540ﬁﬀ3	ﬀ 
q`nPfzvcet`p¨mlq`^Ice~Pt`w¨ceq`pr_~XtImonPfdXfhwrf	c|Btqo_V
6`½v+`a<7g&g	ŁbŁŁ
6`½E#b!<c`J&'d`feXg
-g¯%`f&hb°KV#

ﬀ
ﬂ£¯%m ^%b#&P'd'`)jhJbf&Q>3¯i(^)`'&DbUj!`bÙ°`°
-DB¯%`f&hb°KVﬃ  
"%¯ i"^M`&DbUjk`,bVl<nm ^hb*&P'd'`jJbf&]>3¯ i(^)`'&DbUj!`bÙ°`°
²nPprt.m,_P|Bf mc~P~9_qzvfﬁf,¶m,prf~BqzEf	mcesPt`f f	cmon #ﬁ
ﬀﬁﬂ\c~v| ﬃ! ﬁ"Xt`q,cqofd*f~Bq
m,_~Bq,cpr~Ptasvce^I|Bt¯5E6I° ¦nPp¨monc^ofhm,_dXuPsPq`f%|ceq¬^osP~BµUq`prd*fj¡Ù_^f	cbm`nﬁprq`f{^Icqopr_~ﬁzBf	cmon
uP^`_Pm,f{t`t`_b^	±£ﬁ_b^`f_ªbf^	y9q`nPfzvcet`p¨mltImonPfdXf|F_Rf{t~P_bq¬q,c8fpr~Bq`_cmm_sP~BqqonPfuv_bq`f~Bqopcew
uvc^,cwrwrfwrprt`d _e¡wr_R_buPtp©~0_b^I|Bf{^q`_<tofuvc^,cqof<q`nPfXaf~9f^Iceq`f	| m,_P|Bfﬁf,Pf	m,s9q`pr_~ pr~Bq`_Wc
m,_dXdsP~Pprmcqop©_b~u9nvctofce~v|ﬁcm,_dXuPsPq,cq`pr_b~uPnvctof±
²nPfhzEft`q¦c%qo_qIcbm8BwrfhqonPprtuP^o_zPwrfd toffd*tlq`_ﬁc~vcew©&Yf|Pcq,c*cm{m,ft`tuvceq`qof^`~Pt
cqm,_dXuPprw©fqop©dXf±PU~ q`nPprtlvfw¨|£yEt`_bd*fhwrprd*prqof	|_buPq`prd*p=Y	ceq`pr_~Xq`f	monP~9p§bsPf{thnvc%ªf zvff{~
uP^`_buv_bt`f	| pr~0q`nPf>P_b^`q`^,c~v­ﬃm,_bd*uPprwrf^hc~v| pr~dc?>¤®FN¥± >9_^hzE_qonm,_dXuPprwrf^`t%y¤c^o^Ic%Bt
pr~Rªb_wrªf%|hpr~q`n9fuvce^IcwrwrfwPwr_B_uds9t`qzEfdﬁcuPuEf	|pr~t`svmonﬁc¦ c%q`nEcqf	cmon*u9^`_Pm,ftot`_^
_~Pwr<_¦~9t}_b~PfzPwr_Pm98W_e¡jce~c^`^,c%R±EU~0qonPf'clp©f{~P~vc>P_b^`qo^Ic~®_bd*uPprw¨cqopr_~INBBt`qofdWy
q`nPfwr_B_uﬁzE_sP~v|Ftc~v|Xq`n9fc^o^Ic%cbmm,ftotl¡ÙsP~vm,qopr_~Ptce^`fhc%¶*~Pfl¡Ùs9~vm,q`pr_b~Pt_e¡@_~9w©_b~Pf
f~vm,wr_bt`pr~Paﬁpr~v|Bf,¤±£U~0qonPf'>P_b^`qo^Ic~­ m,_dXuPprw©f{^	yEq`nPf^oft`qo^`p¨m,qop©_b~Ptc^`fqonPf¡·_wrwr_¦p©~9aV
q`nPfwr_B_u<zE_sP~E|BtdsPt`qlzvfm,_~9t`qIce~Bq	y£qonPf.ce^`^,c%Wcmmft`t¡·sP~vm,qop©_b~Pthc^ofpr~

¡Ù_^od
c~v|_b~Pwrh_~9f|Bprd*f~Ptopr_~_¡@c~*ce^`^,c%mc~Xzvf|Bprt`qo^`przPsPqof	|£±&>PsP^oq`nPf{^`d*_b^`fybzE_q`n*m_dµ
uPprwrf^`tluvf^Ô¡Ù_^od c*|B_bdcep©~ﬁc~vcewrRtoprt¡Ù_^lf	cmon<uP^o_Pm,ft`to_^%y¤wrf	cb|Bpr~Paq`_ﬁc*m,_bd*uPprwrfqop©dXf
|BfuEf~v|Bpr~Pa_b~ﬁq`nPf~BsPdzEf^¬_e¡uP^`_Pm,ftot`_b^`t	±
 
   -
7;7
#ﬁ 	l-  # % ﬀDFTﬁ-h-
²nPfdXfq`n9_F|u9^`ftof~Bq`f	|ﬁn9f^`fhmce~*nvce~v|Bwrf}c^,cqonPf^w¨c^oaf}mwcet`t_¡¤^ofasPw¨ce^¬uP^o_zPwrfdXt	±
Uq ceuPuPwrprft_~<m,_bd*dsPq,cqop©ªfwr_B_uX~Pftoq`t¦n9f^`fRV
X
k^o^Ic% ^`f¡Ùf^`f{~vm,ft0c~v| w©_B_bu zE_s9~v|Bt<c^ofWc%¶*~Pf ¡ÙsP~vm,qopr_~PtX_¡hq`nPf f~vmw©_bt`pr~Pa
pr~v|Bf,Pft%y
X
f	cbm`n w©_B_bu*t`qofu<prtf	§bsvcw3q`_<g±
²nPff,vcdXuPwrf¬abprªf~pr~tIceq`prtUvf{t¬qonPft`f^oft`qo^`p¨m,q`pr_b~Pt	±Bklt¬^ofaRce^I|Bt|Pcq,ch|Bprt`qo^`przPsPqopr_~¤y
¦¬fdﬁc8fqonPf¡Ù_bwrw©_¦pr~Pahcet`t`s9d*uPqop©_b~PtWV
X
k~ﬁc^o^Ic%*mce~*fprq`n9f^zvfl^`fu9w©p¨mceq`f	|X_b~*cwrwvu9^`_Pm,ftot`_^oth¯·q`nPfhc^o^Ic%prt¬_¦~Pf%|zB
f	cbm`nXuP^`_Pm,f{t`t`_b^I°j_^|Bprt`q`^oprzPsPq`f%|£yqonvcqprt¬uEc^`qoprq`pr_~Pf%|p©~Bqo_h^`f	mqIc~9asPw¨c^zPwr_Pm98Rt%y
f	cbm`n zPwr_Fm98zEfpr~Pa*ctot`pra~9f	|Xq`_f,vcmq`wr*_b~PfuP^`_Pm,ftot`_b^	y
X
tIm{cw¨c^fwrfdXf~Bq`tce^`ft`Bt`qofdceq`p¨mcew©^ofuPwrp¨mcqof	|£±
²nPfw¨ct`qcet`tosPd*uPqopr_~Ptm,_b~vm,f^o~WqonPfh~Pf{qU¦¬_b^8PVPprqprt¡ÙsPwrwr*m,_~9~Pf	m,qof	|£y£qonPfm,_bd*dsP~Pp¿µ
mcqopr_~*zEfqU¦ff~<u9^`_Pm,ftot`_^otp©tK>3>3 c~E|*~9_d*ftotIcabfprtwr_toq	±
  5 120AP)G &0312)GﬂﬀF
	W;AP  W=ﬀW0K 0
U~0q`nPf¡Ù_bwrw©_¦pr~PaEyP¦fzP^`prf EWuP^oft`f{~Rqq`n9f*dcepr~<uP^`pr~vmp©u9w©f{th_¡q`nPf*m_d*u9p©w¨ceq`pr_~
d*fqonP_P|<c~E|0c*qo_B_w¦nPp¨mon0prthcqhqonPf^`_B_q _¡q`nPf*m,_P|BfXaf~9f^Iceq`pr_~¤±¥²nPf~¤y3¦¬fs9t`f
c~<f9ced*uPwrfq`_ﬁnPprabnPwrp©abnBqq`nPfm,_dXuPprw¨cq`pr_b~*q`f%m`n9~Pp¨§s9fq`nvceqprth|BftIm^`przvf%| d*_^of¡Ù_b^Uµ
dcew©wrpr~E± v±P²n9fhw¨ct`qluvc^oq¦prwrw¤tonP_¦7q`nvceqqonPprtd*f{q`nP_P|ﬁcwrt`_Xf~vcezPwrftqo_m,_bd*uPprwrf
uvc^,cdXfq`f^op=Yf	|Xwr_R_buPt	±
 	



²nPf}m_d*u9p©w¨ceq`pr_~tImonPf{d*fq,c8bft¬qonPfhm,_dXdsPqIceq`p¿ªRprqUl_¡¤wr_B_uPtpr~Rqo_cm{m,_sP~Bqq`_htofuvcSµ
^Iceq`fhqonPfabf~Pf^,cqof	|]N9]<­«m,_P|Bfp©~Bqo_c*m_d*ds9~Pp¨mcqop¢_~uEc^`qhce~v|<cm,_bd*uPsPq,cqop©_b~
uvc^oq	±b²nPfaf~9f^Iceq`pr_~ﬁ_¡¤f%cmonﬁuvc^oq¬^ofwrp©f{t_~c|B_bdcpr~c~vcewrRtoprt¬qonvcqqIc8ftcb|Bªc~Bµ
qIceaf_¡¤q`n9f|Bf	m,_bd*uE_t`prqop©_b~pr~Bq`_zPwr_Pm98Bt_¡£q`nPfc^o^Ic%Bt	±²n9p©t|B_dﬁcpr~c~EcwrBt`prtcwrwr_¦t
q`_ﬁ|BftIm^`przvft`f%§s9f~vm,ft_¡t`f~v| t`q,cqofd*f~BqotzEfqU¦¬f{f~0qU¦¬_u9^`_Pm,ftot`_^ot*¯·wrf	c|Bpr~Paqo_c
d*ftotIceafªf	mq`_^op=Y	cqop©_b~<zEfqU¦¬f{f~WqonPftofuP^o_Pm,ft`to_^otI°hce~v|ﬁt`f%§s9f~vm,ft _¡wr_Fm{cw@cet`top©ab~Bµ
d*f~Bqot	±P>Ps9^`q`n9f^`dX_^`fby¤qonPprt|B_dﬁcpr~<c~vcewrRtoprt}prthtoBdzv_bw©p¨myEpU± f±Epr~v|BfuEf~v|Bf{~Rq_e¡ qonPf
~BsPdzvf{^¬_e¡@uP^o_Fmft`to_^`t%±
Of	m{csPtofh¦¬fctot`sPdXfq`nEcqq`nPfwr_B_uzE_sP~v|Ftc~v|q`nPfhc^o^Ic%*cbmm,ftot¡ÙsP~Em,q`pr_~9t ce^`f
c%¶*~Pfbyq`nPf|9cqIc cmm,f{t`t|B_dﬁcpr~Pt@m{c~zEf}monvc^,cm,qof^`p=Yf%|*zBhuE_wrBnPf	|F^`_~9t¬c~v|qonPfabf,µ
~Pf^,cq`f%|*m,_P|Bff,Pf	m,s9q`pr_~X¦p©wrw£m,_~9t`prt`qpr~tImce~P~Ppr~Paq`nPftofuv_bw©BnPf%|B^`_b~Pt	±BU~v|Fff	|£yB¦prq`n
c~Bh~P_b~f{d*uPqUhzE_s9~v|Bf	|uE_wrBnPf	|B^o_~*mce~zvfcet`to_Fmpceq`f	|Xcl~Pft`qof	|wr_B_uuEf^U¡Ù_b^`dXp©~9a
q`nPflf~BsPd*f{^Icqopr_~*_e¡¤prq`tuE_pr~Bq`t	±b²¦_dXfq`nP_P|Btc^ofaf~Pf{^IcwrwrsPt`f	| q`_m,_dXuPsPq`flq`nPprt
f~BsPd*f{^Icqopr_~m,_P|Bf±b²nPfdX_t`qDfdXuPwr_f	| d*f{q`nP_P|prtzvcet`f	|_~q`n9f?>9_sP^op©f{^Uµ`ﬁ_q9YL8Bp©~
uvcpr^o¦p©tof¬f{w©prdXp©~Ecq`pr_b~^`NPmonﬁﬀbPy­lsB¡Ub ce~v|q`nPf_bq`nPf{^¬_b~Pf_~qonPfuvc^,cdXfq`^opm pr~Bq`fabf^
uP^`_ba^,cd*dXp¢~Pa^ >9f	cﬂﬀ\b`±%k~cew©ab_^op©qonPd\sPt`pr~Palq`nPf v^`toqd*f{q`nP_P|lprt@abprªf~hpr~'^ UkPg9bvc~v|
q`nPff~BsPdXf^Iceq`pr_~<m,_P|Bf uP^`_P|Bsvmq`pr_~ﬁsPtop©~9aq`nPfhuEc^Iced*fqo^`p¨mpr~Bq`f{af^luP^`_ba^Iced*dXp©~9a}prt
|Bfq,cprwrf	|0pr~ ^Ö®F>Db\b`± O _qon dXfq`n9_F|Ft.cew©wr_¦«q`_ t`B~Bq`n9ft`p=YfWce~f~BsPdXf^Iceq`pr_~ m,_P|Bf
¦nPp¨monprtcuEf^U¡·f	m,q`wrﬁ~Pftoq`f	| wr_B_uﬁ¦nP_tofw©_¦f^¯·^`ftou¤±£sPuPuEf^,°zE_sP~v|Ft}c^ofhdcSPp©d*c
¯Ù^oft`u¤±BdXpr~Pprd*c°E_¡@§bsvcet`p¿µ`c%¶*~Pff,PuP^`f{t`t`pr_b~Pt¯ÙqonPffsEm,wrp|Fpce~*|BprªBp©topr_~_¡¤c~*c%¶*~9ff,Bµ
uP^`f{t`t`pr_b~*¦prq`nXp©~Bqofaf^m,_Bf,¶m,prf~BqotzR*cuv_bt`prq`prªflpr~Rqofaf{^I°±>9_^ f,vcd*u9w©fbyq`nPfuE_pr~Bq`t
¯.`g&%b&ﬃP° _¡@qonPfhuE_wrBnPf	|B^o_~<|Bf,E~Pf	|ﬁzBq`n9f¡Ù_wrwr_¦pr~Papr~Pf	§bsvcwrprqUt`Btoq`fd V
 
 
 
 
 
 
 
 
 
 
!
 
 
 
 
 
 
 
 
 
 "
`# Ł
j `e$# Ł
bj g%# Ł
jQb*e\g	ŁbŁŁ%# Ł
jQb*e&ﬃ'# Ł
Jdbj(ﬃe\g)# Ł
j+*bŁŁJdJ`'e b*e,ﬃ-# Ł
*ŁŁJdJ` j=b j.ﬃ#e Rb%# Ł
mc~ﬁzEff~BsPd*f^,cqof	|XzRXq`nPf~Pf{t`q`f%|<wr_B_u V
6`½v!`a< Ł/&
6`½E#bk< 0/D¯,g &P¾a5 KD¯0*ŁŁd'`feXg&,°o°#&  5G¯,g	ŁbŁŁJ&B¾a5 KD¯0*ŁŁd'`fe Rb'&,°`°
6`½E1ﬃ< 0/D¯7b &ﬁ*bŁŁ'd`)j be° &  5G¯U'dDbeXg &ﬁ*bŁŁ'd'`j*be Rb°
 	
ﬀﬁﬂﬀﬃ "!#$&%'!#(")*+,-/.,0123$540ﬁﬀ3	ﬀ *
   )
  )
	) ) 

  
 ) 
,
 
 
ﬁﬀ 
)ﬂ 
ﬁ 
²nPfd*fqonP_P|<mc~0zEfzP^`prf v0|Bft,m,^`przEf	|cetl¡Ù_wrwr_¦t	±ﬃ£fq!(B<!  <ﬃ¯% "ﬁ&%±%±	±)&) #P°%$
& &
#('
i *) e,+ # Ł*-*¯i prt}ce~<pr~Rqofaf{^}dﬁcqo^`p¿ ce~v|,"hce~<pr~Rqofaf{^}ªbf	m,qo_^I°lzEf.c~P_~
fd*u9qU}zE_s9~v|Bf	| uv_bwrRn9f	|B^`_b~¤±/.jt`pr~PaZ>P_bsP^`prf^ÔµÔ _qY\8Rpr~hf{w©prdXp©~Ecq`pr_b~¤y,q`nPfuE_wrBnPf	|F^`_~
( prtDt`svmmft`top©ªbfwru9^`_	,f%m,q`f	|Xcwr_~9aq`nPf* 0#U&M 0#1ﬂ"&%±%±	±)&) "c%Pprt	y%pr~h_^,|Bf^qo_h|Bfq`f{^`d*pr~Pf
¡Ù_^f	cbm`n, 02GV
X
k t`fq _¡ "" 	L&%m,_~Ptoq`^,cpr~Bq`tWV4365¯. 2 ° <7 98;: 2  2 e<:E¯`¯% /=°>=4? 2 ° # Ł*-@:BADCE
¦nPf^ofGFIHJ$ (ﬂ2K8 : 2ﬁp©t*c uE_t`prqop©ªbf*pr~Bq`fabf^*c~E|  : ce~ c%¶*~9f*¡·sP~vm,qop©_b~¦prq`n
pr~Bq`fabf^}m,_Bf,¶mp©f{~Rqot	y
X
c~E|Wct`fqh_e¡? ;L( 	ﬁ/&% m_~Ptoq`^Icepr~RqotWV3NM¯. 02	°*<! 98OP2ﬁ 2Je DO¯o¯. = ° =4? 2	°)#
Ł-DO A/Q E¦prq`nRFS$,V%2%8IOP2}c~9faRceq`prªflp©~Bqofaf^c~E|DO}ce~*c%¶*~Pfj¡ÙsP~vmq`pr_~¦prq`n
pr~Bq`fabf^}m,_Bf,¶mp©f{~Rqot	±
>P^o_d6365¯% 
2
°yvc t`f{q_¡wr_¦f^¬zE_s9~v|Bt¡Ù_b^* 
2
mce~zEf|Bf%|Bsvm,f	|2V
TU¯. 02°N<7 S¾a5KD¯fj*
:
¯`¯% 
=
°
=D?
2%°UeV8
:
2]j g&<8
:
2	°W-
:BADC
E
¦nPf^of	ctlq`nPft`f{q3NM¯% 
2
°u9^`_ªBp¨|BftsPuPuEf^lzv_bsP~v|Btj¡Ù_^J 
2
V
XUj¯. 
2
° <7 S¾a5K¤¯%
O
¯o¯. B=°>=D?
2
°L&1j8
O2
°<-
O
A/QE
k~v|Xto_vyBq`n9fh~Pftoq`f	|ﬁwr_B_uﬁctot`_Pm,p¨cqof	|ﬁ¦prq`nXuv_bw©BnPf%|B^`_b~ ( prtWV
6`½E+ 
"
< 0/(TYUj¯. 
"
°L&  5GZXU¯% 
"
°
±
±
±
6`½E+ 
#
< 0/(TYU¯% 
#
°1&  5 G XUj¯. 
#
°
.~B¡·_^`qosP~vceq`fwrByq`n9f<uP^`_%,f	m,qop©_b~ _e¡.c0uE_wrBnPf	|F^`_~\cwr_~Pace~ c%Pprtaf{~Pf^Iceq`ft c0wr_q
_¡¬^of	|BsP~E|Pc~Bqhpr~Pf	§bsvcewrp©qoprft(^`NPmonﬁﬀbPy£®nPf ﬀbb`±E²nPprt}^oft`s9w©qotpr~<dﬁc~B*s9t`fwrftotzE_sP~E|Bt
pr~<q`nPf~9ft`qof	|0wr_B_u tImce~P~Ppr~Paﬁq`n9fuv_bw©BnPf%|B^`_b~c~v| t`_Ey£pr~$ce~Wprd*uE_^oqIce~Rql^`sP~FµMqop©dXf
_ªf^onPf	cb|£±%²nPf^`f¡Ù_^ofyqonPftof^`f	|Bs9~v|Pc~Bqpr~Pf%§sEcwrprq`prft¤ds9t`q£zEffwrp©dXpr~vcqof	|£±l~PfdsPtoq
qIc8f}m{c^`f _¡@qU¦_*m,^osvm,p¨cw3uv_bp©~BqotnPf^`f*V
X
²nPfh^of	|BsP~E|Pc~vmqoft`qlsPt`f%|£y
X
q`n9fh¦ c%n9_¦ ^`f	|FsP~v|Pce~Rqlpr~Pf	§bsvcwrprq`prftc^ofhfwrprd*pr~vceq`f	|£±
U~<q`n9fq`_B_wDq`nEcq¦¬f|Bfªbfwr_uEf	| ¡Ù_b^}_bsP^hm,_dXuPprwrf^	y9q`nPf^`f	|FsP~v|Pce~vm, q`ftoqhsPt`f%| p©thc
t`prd*u9w©f]^ N9m`n ﬀb`±E~Em,fq`nPft`f{q`t365j¯. 02	°c~v|G3NM¯. 02	°lnvc%ªfhzEff~m_d*u9sPq`f	|¡Ù_^
f	cmon, 02yP^of	|BsP~v|9c~Bqpr~Pf	§bsvcewrp©qoprft ce^`fhf{w©prdXp©~Ecq`f%|£ywrf	cb|Bpr~Paq`_*c~Pf¦\t`f{q_¡dXp©~9p©dp¿µ
Ypr~Pam,_b~Pt`qo^Icpr~Bq`tV;365[¨¯% 2°£c~E|hc~Pf{¦0t`fq3_¡vdﬁc%PprdpMY{p©~9a4m_~Ptoq`^Icepr~RqotWV;3NM[·¯. 02	° ¡Ù_^
f	cmon= 
2
±.~Pwrp=8fq`n9fcwra_b^`prq`n9d"aprªf{~<pr~e^ UkPg9b`yPqonPfht`f{q`t%365
[
¯. 
2
°ce~v|G3NM
[
¯. 
2
°
c^ofm_d*u9sPq`f	|pr~qonPfl¡Ù_wrwr_¦pr~Pa¦ c%PV
  5 120AP)G &0312)GﬂﬀF
	W;AP  W=ﬀW0K 0
g±²nPfl^`f	|Bs9~v|Pc~Bqpr~Pf%§sEcwrprq`prft_e¡ 365j¯. " °¯Ù^oft`u3±3NM¯. " °`°c^ofq`^op©ªBp¨cwrwrfwrprd*p¿µ
~vceq`f	|£yBabprªRpr~Pahc~9f¦ t`f{q_¡@m,_b~Pt`qo^Icpr~Bq`tV365 [ ¯. " °¯·^`ftou¤±3NM [ ¯. " °o°¦nPp¨mon*prt
ct`pr~Pabwrfq`_b~¤y
P±q`n9f^`f	|Bs9~v|Pc~Bqpr~Pf	§bsvcew©prqop©f{t_¡365¯. 

°h¯·^`ftou¤±3NM¯% 

°`°ce^`ffwrp©dXpr~vcqof	|Xp©~
q`n9fm,_~Bqof,Pq365[·¯. "I° 3NM[·¯. "I°l¯·q`nPprtfwrprd*pr~vceq`pr_~prt~P_~ﬁq`^oprªRp¨cew¤c~v|sPt`ft
q`n9fht`prd*u9w©fcew©ab_^op©qonPd°1Rq`n9p©twrf	cb|Btq`_qonPft`fq 365[·¯. 

°l¯·^`ftou¤±3NM[·¯% 

°o°
k~v| t`_0_~ ¡Ù_^C H&%±%±	±)&) #E± ]3f^Ô¡Ù_^od*f	| qonvcqX¦ c% c~v| |FsPf<q`_ q`nPf uP^`_buvf^oq`prftﬁ_¡
q`nPf t`prd*uPwrf, cwra_b^`prq`n9d)¯·p©qotc%ªbf^Iceaf<zEfnvc%ªBpr_^Xp©t 8B~P_¦~ ctXzvf{p©~9auE_wrB~P_dXpcew¨°y
q`nPf*m_d*u9w©fFprqUﬁ_¡q`n9f*^`f%|BsP~v|Pce~Bqpr~Pf	§bsvcewrp©qoprftfwrp©dXpr~vcqop©_b~ﬁp©thcbmm,fuPq,czPwrf¡Ù_^hqonPf
uP^`_bzPwrfd*t ¦¬fce^`fhm,_b~vm,f^o~Pf	| ¦p©qon¤±
 
	ﬀ )
²D_zEfd*_^of}cbmm,sP^,cq`fbyvwrfqs9tm,_~Ptop¨|Bf^qonPfl¡Ù_wrwr_¦pr~Pahm,_dXdsPqIceq`prªf~PftoqWV
6`½v!`a< g&g	ŁbŁŁ
6`½v#b!<c` & d'`feXg
- ¯%`f&hbe°Vi(^)`'&DbUj!`b;V < m ^%bJ&v'd`)jhJb
¦prq`nce^`^,c%RtJi ce~v|/m uvc^oq`prq`pr_~9f	|Xp©~Bqo_$ﬀzPwr_Pm98Bt¬~BsPdzEf^`f%|¡·^`_dﬃŁq`_*V
0
1
2
3
4
5
6
7
0
3999
A 0
500
0 1 2 3 4 5 6 7
B
0
0
3999
3999
500
3999
 	
ﬀﬁﬂﬀﬃ "!#$&%'!#(")*+,-/.,0123$540ﬁﬀ3	ﬀ 
P±²nPfXf~BsPd*f^,cqop©_b~$m_F|Ff_e¡ uE_wrBnPf	|F^`_~  mce~0zvfﬁm,_dXuPsPq`f%| zR0_b~Pf_¡qonPf
d*f{q`nP_P|Btm,prqof	|ﬁczE_ªfRV
6`½E ﬃ=< Ł/&
6`½v ﬃ < 0/D¯MŁJ&E¾a5 K3¯ *bŁŁ'dﬃ j.gD&Iﬂ*Łb°`° &  5 GD¯UJ&P¾a5 KD¯U *bŁ'dﬃ eB'&%g	ﬂ*°`°
6`½E+`Z< 0/D¯U *Łdﬃ  e*g & *ŁbŁ'dﬃ  °#&  5GD¯M¾a5KD¯ *bŁŁ'dﬃ  e *Ł9g&,°U&*bŁŁ'dﬃ  e Rb°
6`½E#bk<?`J&'d'`ge*g
²nPf v^`toqDqU¦¬_wr_B_uPt3_¡vqonPprt¤f~BsPdXf^Iceq`pr_~hm,_P|Bft`n9_¦0q`nvceq¤t`_bd*fDuvcep©^ot¤_e¡vzPwr_Pm8Bt
¯ ﬃ  &ﬃ  °$WŁ 
	 Ł  c^`f ~P_q^`f	cbmonPf	| |BsP^`pr~Paq`n9fm,_dXuPsPq,cq`pr_b~¤±
P±]0fhqonPf~<pr~Ptof^`qqU¦_asvce^I|Btlp©~ﬁqonPprtf~BsPdXf^Iceq`pr_~ﬁm,_P|Bfpr~ﬁ_^,|Bf^q`_abf~Pf^,cqof
q`n9f(NP]<­ t`f~E|m_F|FfRV
6`½E ﬃ  < Ł/&
5E6K"ﬀW0L ﬃ A<7_¦~Pf{^_¡DzPwr_Pm8 ﬃ  _¡Ni7
FD¹IG
6`½E ﬃ

<0 /D¯MŁJ&P¾a5KD¯ *ŁbŁ'dﬃ

j.gD&Iﬂ*Ł°o°*&  5G¯UJ&P¾a5 K3¯Mﬂ*Ł'dﬃ

eeR&	g% *°o°
576?(ﬀW0\ ﬃ<7_¦~9f^_e¡@zPwr_Pm98 ﬃ _¡ m 
FD¹HG
6`½E+`a<0/D¯U *bŁ'dﬃ*e*g&ﬁ*ŁbŁ'dﬃ@°#&  5 GD¯U¾Z5KD¯ *bŁŁ'd ﬃ*e *Ł9g&,°U&*bŁŁ'd ﬃ]ehB°
6`½E#bk<?`J&'d'`ge*g
¹IG¾ m ^hb &vd'`)jhJb@qo_q`nPf_¦~Pf{^_¡DzPwr_Pm8 ﬃ _¡Ni
U~0uP^,cm,qopmfy£prqt`nP_bsPw¨|<zEf~P_qof	| q`nEcqq`nPf*ce^`^,c%<fwrfd*f{~Rqothc^`f~9_qt`f~Bqhf{w©fµ
d*f{~RqU¦prtof}z9sPq}ce^`fhm,_dz9p©~9f	|Xp©~Bqo_ªbf	m,q`_b^`t%±v²n9f(NP]<­ ^of	m,fprªfm,_P|BfprtqonPf~
af{~Pf^Iceq`f	| pr~*qonPftIcdXf¦c%R±
}½  D	P
5·½Ge½¤¾¤¹E¹IG@¹BP
5·½G
g±ktzEf,¡Ù_b^`fyBqonPftofq_¡¤uE_pr~Bq`tl¯ ﬃJ&)`f&hbe°4¦nPf^`f ﬃ $<ŁÖprt¬c zPwr_Fm98_¡iy9¯.`g&%b°
c~Xprq`f^,cq`pr_b~*ªf%m,q`_b^t`svmon<qonvcqJ- ¯.`g&%b°¦^op©qoftpr~ ﬃ¬yPm{c~ﬁzvfhmonvce^Icmq`f^opMY{f	|ﬁzB
q`n9fhuv_bwrRn9f	|B^`_b~W|Bf,v~9f	|ﬁzBq`nPf¡Ù_wrwr_¦pr~Pat`Bt`qofd]V

 
 
!
 
 
"
Ł ﬃ

 
g
 `7g	ŁbŁŁ
` b JdJ`e g
*bŁŁJdﬃ

n` *bŁŁJdﬃ

e Rb
P±²nPfhuE_pr~Bq`t_¡Wm{c~ﬁzvff~BsPdXf^Iceq`f	|XzB*qonPf~Pftoq`f	| wr_R_bu V
6`½E ﬃ

< Ł/&
6`½v`Z< 0/ ¯ *bŁŁ'dﬃ

&	g%°*&  5G¯ *bŁŁ'd ﬃ

e R&	g%ŁŁbŁ°
6`½E#bk<?`J&d'`feXg
ﬀ  5 120AP)G &0312)GﬂﬀF
	W;AP  W=ﬀW0K 0
¦nPp¨monﬁt`nP_¦tlq`nvceqq`nPfhz9w©_Pm98BtÖh_e¡ i c^`f ~P_q¦^op©qoq`f~ p©~ﬁ|BsP^op©~9aq`nPfm_dµ
uPsPq,cqop©_b~¤±
P±F>3pr~vcwrwrRyBc asvce^I|Xprtp©~9t`f^oq`f	|ﬁqo_uP^`_P|BsEm,fhq`n9fN9]<­ m_d*u9sPqIceq`pr_~*m,_P|Bf*V
6`½E ﬃ  < Ł/&
5E6K"ﬀW0L ﬃC<7_¦~Pf{^_¡DzPwr_Pm8 ﬃ _¡Ni7
FD¹IG
6`½E+`Z< 0/D¯0*ŁŁdﬃ &%g	° &  5 G ¯ *bŁŁ'dﬃQe Rb'&%g	ŁbŁŁ°
6`½E#bk<?`J&'d'`ge*g
i"^M`&IbUj!`b Vl<?m ^%bJ&P'd'`jJb
    ﬀ 
ﬂ
    0
ﬀ  	  

ﬁ 
prªf~*cuvc^,cd*f{q`f^opMY{f	|uE_wrBnPf	|B^o_~/(¯.9b° <   $ & &
#
'
i 
)
e m!9
)
e "+# Ł*- ¯ iy
m"c^ofp©~Bqofaf^ldceq`^`p¨m,f{t	y"lprt}ce~ﬁp©~Bqofaf^lªf	mq`_^,°ce~v|<cuE_pr~Bq*  $ & &
#
y  $=(¯.9b°
¦prw©w£|Bf~9_q`f q`nPfpr~Pf	§bsvcew©prqUtoRtoq`fd i *)

e m!9;)=e ")# Ł9±
·¡  < ¯. "ﬁ&	±%±%±M&) 0#F°Xc~v|?9?< ¯.9B"&%±	±%±f&)9 : °{y¯. a&)9°X¦prw©w|Bftop©ab~vcqofWqonPf uv_bp©~Bq
¯. "ﬁ&%±	±%±)&M 0#U&M9B"ﬁ&%±%±	±)&)9
:
°{±P²nPprt~9_qIceq`pr_~ﬁ¦prwrw¤zEfhf,Pq`f{~v|Bf	| qo_c~<ce^`zPprq`^,c^o~BsPdzEf^
_¡Duv_bp©~Bqot	±
6`½v/5G ¦prwrw|Bf~P_bq`f*cX~Pftoq`f	| w©_B_bu¤y*toqIce~v|Bpr~PaX¡Ù_^qonPfprq`f^,cq`pr_b~Wªbf	m,q`_b^
c~v|	 ¡·_^hqonPf*prq`f{^Icqopr_~|B_bdcpr~¤±jOf%mcsPtof<_¡q`n9f*^`f{t`q`^op¨m,q`pr_~9td*f~Bq`pr_b~Pf	| p©~0qonPf
zvf{apr~P~Ppr~Pa_¡¤qonPftof	m,qop©_b~¤yBprqt`n9_sPw¨|zEf~9_q`f%|q`nEcqqonPfh|B_dﬁcpr~
 prt cuv_bw©BnPf%|B^`_b~¤±
 prq`n*qonPprtw¨ct`q~9_qIceq`pr_~3yRcm,_bd*dsPq,cqop©ªfwr_B_uX~Pftoqnvcetq`nPfl¡Ù_bw©wr_¦pr~Pal¡Ù_b^`d]V
6`½v5 G
  0/ﬃ Vl< ﬃ! BHX¯ `ﬀ  ﬁH;¨°
¦nPf^of_ 0/ﬃWprtlq`nPfwrf,¡Ùqnvc~E|ﬁt`p¨|BfX¯ÙwrnPt,°^of,¡Ùf^of~vm,fX_¡¬qonPf*ctot`pra~9d*f~Bq	y `ﬀq`nPftofq
_¡^`f,¡·f^`f~Em,ft*qo_W|Bprt`qo^`przPsPqof	|ce^`^,c%Rt p©~ q`n9f*f,PuP^oft`top©_b~ ﬃ! BHce~v|	  H;qonPft`fq_¡
^`f,¡·f^`f~Em,ftq`_^ofuPwrp¨mcqof	|ﬁªc^op¨czPwrftpr~ ﬃ! BH¤±
 
¹ G5·ﬁ5·½GD
ﬀ ·½¤ﬂﬁ:6`  5 Ùºﬁ½6¬¾a5U%5Ù 3	¹P¾9Rº >P_b^tIc8f_e¡vt`prd*u9w©p¨m,prqUBy¦f cet`tosPd*fqonvcq
f	cmonXw©_¦f^zv_bsP~v|_¡4ce~ce^`^Ic%prtŁP±ﬃ£fqﬃ zEfhc+8.µÔ|Fp©dXf~Ptop©_b~vcwE|Bprt`q`^oprzPsPq`f%|ce^`^,c%R±
X
ﬀ! "«¯Ù^`f{t`u¤±$#% "° ¯%`$<Łl8:j}g	° ¦prw©wE|Bf~P_bq`fq`nPflzPwr_Pm8t`p=Yf ¯Ù^oft`u¤±BqonPf~BsPdzEf^
_¡fwrfdXf~Bq`t,°_e¡ ce^`^,c%&ﬃpr~Xq`nPf+`('*)|BprdXf~Pt`pr_b~¤y
X
+ﬁ¯*ﬃ<°]<  ` $WŁ l8 j*g
'
ﬀ, 
".-
#/ 
"
-h¦prwrw¤toqIce~v|X¡Ù_b^q`nPfhtofq_¡¬|Bprt`qo^`przPsPqof	|
|Bprd*f{~Pt`pr_~9t¬_e¡0ﬃ0±
 prq`nXq`nPftof~9_qIceq`pr_~9t	yPqonPfhtofq_e¡4z9w©_Pm98Bt_¡¬c^o^Ic%1ﬃ m{c~<zEfmonvc^,cm,qof^`p=Yf%|<zB*qonPf
¡McdXprw©PV
U32*¯4ﬃ<°Q<7 5FM69¯*ﬃ,&{¯Eb
"
°
"
A8737:9
 ;
°
'
F `$1+*¯4ﬃ<°7Ł  b
"
=<(#
 
"
'
ﬀ
 
"?>
j gD-
 	
ﬀﬁﬂﬀﬃ "!#$&%'!#(")*+,-/.,0123$540ﬁﬀ3	ﬀ 
¦nPf^of&5 =W 6P¯4ﬃ,&¯7b
"
°
"
A 737:9
 ?;
°prtqonPfhzPwr_Pm98_¡4ce^`^,c%ﬃ pr~v|Ff,Pf	|ﬁzBﬁ¯Eb
"
°
"
A 707:9
 ;
RBprq
prtq`n9fuvce^Iced*fqof^`p=Yf	| ^`f	m,q,c~PabsPw¨c^q`prwrf'

  W)

  	 ±	±%± 	 

 1
"  )

 1
"
¦prq`n
F ` $ ¯4ﬃ °



"
< b
"
ﬀ
"
)


"
< "¥¯Eb
"
ﬀ
"
e ﬀ
"
j gD& #
"
j g	°
F ` A$ ¯4ﬃ °




"
<\Ł
)


"
< #
"
j g
l½ ·ºUFD¹F¾3½G@k6`½v ½¤¾3¹v¹IGD¹BP
5Ù½G ﬃ¥fq
ﬃe^)ﬂ¥¯ °Gb fq
ﬃ
[
^Mﬂ
[
¯ °*bzEfqU¦_ﬁ^`f,¡Ùfµ
^`f~Em,ftq`_ﬁ|Bprt`q`^oprzPsPq`f%|<c^o^Ic%Btpr~ﬁq`nPf ~Pft`qhcet`t`prab~Pd*f~Bq%±>P_b^q`nPfhabf~Pf^,cqop©_b~<_¡¬|PceqIc
f,vmonvc~Pabfhc~v|ﬁm,_bd*uPsPq,cqop©_b~*m,_P|Bft%yv¦fsPt`fqonPf¡Ù_bw©wr_¦pr~PauE_wrBnPf	|B^o_~PtV
X	
"	¯4ﬃe^)ﬂ¥¯ °Gbh& ﬃ
[
^Mﬂ
[
¯ °*bÙ°¤|Ff,v~Pf	| ct£q`n9ft`fq3_¡PuE_pr~Bq`tD¯`¯7b8 
"
°
"
A 737:9
 ;
&3¯Eb  

"
°
"
A8737:9
 


;
&b°
¦nPf^ofprq`f{^Icqopr_~ªf	m,qo_^prtt`sEm`nqonvcq ^`f,¡Ùf{^`f~vmft*ﬂ£¯ °c~v|ﬂ
[
¯ °D^oft`uEf	m,qoprªfwr
^`f%cmon*qonPfzPwr_Pm8_¡ﬃ pr~v|Bf,Pf	|zBX¯Eb  "°
"
A 707:9
 ;
c~v|qonPfzPwr_Pm98_e¡ ﬃ
[
p©~E|Bf,Pf	|
zB<¯7b
 

" °
"
A8737:9
 


;
±Pﬁ_^of¡Ù_^odcew©wrPV

"
¯4ﬃe^)ﬂ¥¯ °Gbh& ﬃ
[
^Mﬂ
[
¯ °*bÙ° <  ¯o¯Eb  
"
°
"
A 707:9
 ;
&¯7b8 

"
°
"
A8737:9
 


;
& b°
'
FU`$1+*¯*ﬃ<° Ł  b  "  <#% "
'
ﬀ! "
>
j gD&
FU`$1+*¯*ﬃ
[
° Ł b8 

"
 <#% 

"
'
ﬀ, 

"
>
j gD&
 $ &
ﬂ¥¯ b° $5 =W 6v¯4ﬃ,&¯7b8 
"
°
"
A 737:9
 ;
°L&
ﬂ
[
¯ ° $ 5FM 6P¯*ﬃ
[
&{¯Eb  
" °
"
A 73709
 


;
°
-
X	

¯4ﬃe^)ﬂ¥¯ °Gb ° |Bf,v~Pf%|*ctDqonPft`fq_¡£uE_pr~Bq`t¯`¯7b8 
"
°
"
A8737:9
 ;
&:°D¦n9f^`flp©qof^Iceq`pr_~
ªf%m,q`_b^ p©tt`sEm`n qonvcq^`f,¡·f^`f~Em,f ﬂ¥¯ b°h^of	cmonPf{t*q`n9fz9w©_Pm980_¡ ﬃ pr~v|Bf,Pf	| zB
¯Eb  
"
°
"
A 737 9
 ?;
V


¯4ﬃe^)ﬂ¥¯ °Gb ° <  ¯`¯Eb  
"
°
"
A 737 9
 ?;
& b°
'
F `$1+*¯4ﬃ ° Ł  b  
"
 <#% 
"
'
ﬀ! 
"
>
j gD&
R$/&
ﬂ£¯ ° $5 =W 6E¯*ﬃ,&{¯Eb  
"
°
"
A8737:9
 ;
°
-
g	Ł  5 120AP)G &0312)GﬂﬀF
	W;AP  W=ﬀW0K 0
 
}½ 5 ·P
5Ù½G%
F@¹ﬀ0¹ﬁ¼F@¹IGB  30ﬃ ¹D6`¹R %½W0¾a5M{	5· ¤%¹P¾<PBº
ﬃ£fqXsPtﬁ~P_qof=i"^M¥¯ b°*bhq`nPf wrnPt*^of,¡Ùf^of~vm,f c~v| 84< `ﬀ#j  &  0/ﬃ-WqonPf t`fqﬁ_¡
^`f,¡·f^`f~Em,ftﬁpr~  `ﬀq`nEcq0af~9f^Iceq`f<m,_dXdsP~Pp¨mceq`pr_~Ptlzvf{qU¦¬ff{~ uP^`_Pm,f{t`t`_b^`t ¯Ùprq
prt*m,wrf	c^ﬁpr~v|Bff%| q`nvceq	yp¿¡'  0/ﬃ zEfwr_~9at*qo_ `ﬀ	yqonPprt*^of,¡Ùf^of~vm,f|B_Bftﬁ~P_bq*wrf	cb| q`_
c~Bhpr~Bq`f^ouP^`_Pm,f{t`t`_b^}m,_bd*dsP~9pm{cq`pr_b~v°±{Uqt`nP_bsPw¨|zvfl~P_qof	|qonvcqq`n9ft`f{q 8 m{c~*zEf
fªf{~dX_^`f ^`f	|BsEm,f	|p¿¡vto_dXf¬^of,¡Ùf^of~vm,ftpr~
` ﬀ ¬c^`fcewrp©ab~Pf	|¯·pr~.cQpran]3f^U¡Ù_b^`dﬁc~vm,f
>P_b^`qo^Ic~ ^`>P_b^I\b¤dﬁc~P~9f^I° ¦prq`n/i(^)£¯ °*b`±

P	 ¹ /¤
FD'GE¹<½¤¾3¹ E¹HGD¹BP
5Ù½G >9_^f	cbm`n,m^	b¯ °Gb@pr~ 8IV
g±m,_bd*uPsPqofq`nPfhf{~Rs9d*f^,cq`pr_b~ m_F|Ffh_¡uE_wrBnPf	|B^o_~

" ¯ i"^M¥¯ b°*bf&Mm  ^  ¯ b°*bÙ°zB
_~9f}_e¡q`nPfd*f{q`nP_P|BtdXf~Bq`pr_~Pf%|p©~ﬁE±©gc~E|v±Ö V
6`½E¯Eb

"
°
"
A 737:9
;
5G "
6`½E¯Eb


"
°
"
A 737:9 

;
5 G

6`½E 5 G 
P±uP^o_F|Fsvm,fhqonPf(NP] ­7t`f{~v|<m,_P|BfRV
6`½E¯Eb

"°
"
A 737:9
;
5G "
576K(ﬀW0\ ﬃ A< _¦~Pf^_¡5FM69¯ i+&{¯Eb

"
°
"
A 73709 
;
°ﬁFD¹IG
6`½E¯Eb


"
°
"
A 73709 


;
5 G	

576?"ﬀW0L ﬃC<7_¦~Pf{^_¡ 5FM 6v¯%m

&{¯Eb


"
°
"
A 737:9


;
°
F@¹IG
6`½v 5G

{¹IG¾=m^	b¯ °Gb@q`_qonPf_¦~Pf^l_¡ 5FM 6P¯ i&¯7b

"
°
"
A8737:9
;
°
P±uP^o_F|Fsvm,fhqonPf|Bsvcew NP]<­ ^`f	mfprªfm,_P|Bf*V
6`½E¯Eb

"
°
"
A 737:9
;
5G "
576K(ﬀW0\ ﬃC< _¦~Pf^_¡5FM69¯ i+&{¯Eb

"
°
"
A 73709 
;
°ﬁFD¹IG
6`½E¯Eb


"
°
"
A 73709 

;
5 G	

576?"ﬀW0L ﬃ A<7_¦~Pf{^_¡ 5FM 6v¯%m

&{¯Eb


"
°
"
A 737:9


;
°
F@¹IG
 	
ﬀﬁﬂﬀﬃ "!#$&%'!#(")*+,-/.,0123$540ﬁﬀ3	ﬀ gg
6`½v 5G 
¹Pe¹H5KE¹ m^	b¯ °Gb¤¡Ù^o_d"qonPfh_¦~Pf^_e¡ 5FM%¯%m &¯7b
 

"
°
"
A8737:9

;
°
>P_b^tIc8fl_¡¤t`prdXuPwrpmp©qUBy¦fnEc%ªf}|FftIm,^oprzvf	|XnPf{^`fq`nPfhm,_bd*dsP~9pm{cq`pr_~Pt3fwrfd*f{~RqU¦prtof±
U~*uP^,cm,qop¨m,fyEq`nPfhce^`^Ic%Xfwrfd*f{~Rqotc^ofm_dzPpr~Pf	|pr~Rqo_ªbf	m,qo_^`tlzvf¡Ù_^ofhzvf{p©~9atof~Bq	±
}½  D	P
5·½Ge½¤¾¤¹E¹IG@¹BP
5·½G
g±m,_bd*uPsPqofq`nPff~BsPdXf^Iceq`pr_~ﬁm,_P|Bfh_¡Duv_bwrRn9f	|B^`_b~


¯i(^)£¯ °*bÙ°\V
6`½E¯Eb

"°
"
A 737:9
;
5G

6`½E 5G 
P±uP^o_F|Fsvm,fhqonPf(NP] ­ m,_bd*uPsPq,cqop©_b~*m,_P|BfRV
6`½E¯Eb

"°
"
A 737:9
;
5G

576K(ﬀW0\ ﬃC< _¦~Pf^_¡5FM69¯ i+&{¯Eb

"
°
"
A 73709 
;
°ﬁFD¹IG
6`½E 5 G

i(^)£¯ °*b V < ﬃ! BHX¯ `ﬀ     H;¨°

}½ 5 ·P
5Ù½G%
F@¹ﬀ0¹ﬁ¼F@¹IGB  30ﬃ ¹D6`¹R %½W ¹ 5UP%¹P¾ KR95ÙP ·¹

P	 ¹ /¤
FD'GE¹<½¤¾3¹ E¹HGD¹BP
5Ù½G >9_^f	cbm`n,m^	b¯ °Gb@pr~& `ﬀ WV
g±m,_bd*uPsPqofq`nPff~BsPdXf^Iceq`pr_~ﬁm,_P|Bfh_¡Duv_bwrRn9f	|B^`_b~


¯%m  ^ 	b¯ °*bÙ°LV
6`½E¯Eb



"
°
"
A 737:9

;
5 G"
6`½E 5G 

P±uP^o_F|Fsvm,fhqonPf(NP] ­7t`f{~v|<m,_P|BfRV
6`½E¯Eb



"
°
"
A 737:9


;
5 G
"
576K(ﬀW0\ ﬃC< _¦~Pf^_¡5FM69¯.m &¯7b



"
°
"
A 73709

;
°ﬁFD¹IG
6`½E 5 G

D½Ev¾Dv{b¯.m

^

¯ b°*bÙ°
g	  5 120AP)G &0312)GﬂﬀF
	W;AP  W=ﬀW0K 0
P±uP^o_F|Fsvm,fhqonPf|Bsvcew NP]<­ ^`f	mfprªfm,_P|Bf*V
6`½E¯Eb


"
°
"
A 737:9 

;
5 G "
576K(ﬀW0\ ﬃ A< _¦~Pf^_¡5FM69¯.m &¯7b
 

"
°
"
A 73709 

;
°ﬁFD¹IG
6`½E 5 G

¹Pe¹H5KE¹v¯%m &^	b¯ b°*bÙ°
²nPfhzP^o_Rcb|Pmctoqh|BftIm^`przvf%| nPf^`fprtuEf^U¡·_^`dXf	|Xfwrfd*f{~RqU¦prtofREp©~ﬁuP^,cm,qop¨m,fy£ªbf	m,q`_b^`t_¡
m,_~9t`f	m,s9q`prªfhf{w©f{d*f~Bq`t¯·pr~*q`n9fhf~BsPd*f{^Icqopr_~v°c^of}z9^`_Rcb|Pmcet`q`f%|£±
}½  D	P
5·½G"½¤¾3¹ E¹IG@¹BP
5·½G ²nPf ~Pftoq`f	| wr_B_u prt*^ofuPwrp¨mcqof	| _b~ cwrwqonPf
uP^`_Pm,f{t`t`_b^`tV
6`½v5 G
  0/ﬃ Vl< ﬃ! BHX¯ `ﬀ

 ﬁH;¨°
    ﬀ 

 ﬀ   
ﬁ
	   )
²nPfdXfq`n9_F|u9^`fªBpr_sPtowruP^`ftof~Bq`f	| cwrwr_¦t@qo_.m_d*u9p©wrf³`uvce^Iced*fqof^`p=Yf	|F´.m,_bd*dsPq,c%µ
q`prªfwr_B_u~Pft`qot	yBqonvcqprtDq`_ tIc%m,_dXdsPqIceq`p¢ªbfDw©_B_bu~Pf{t`q`twr_Pmceq`f	|pr~q`nPfzE_P|B_e¡ _b~Pf
_^dce~BtosP^`^o_sP~E|Bpr~Pa<wr_B_uPt%±v·¡¦f~P_qof ¯Ù^`f{t`u¤±  °q`nPfprq`f{^Icqopr_~ ªf	m,qo_^X¯Ù^oft`u¤±
prq`f^,cq`pr_b~ |B_bdcpr~¤yEqonvcq¦f<ct`tosPd*fXq`_ zvf<c uv_bwrRn9f	|B^`_b~v°ctot`_Pm,p¨cqof	| ¦prq`nqonPftof
f~vm,wr_bt`pr~Pahwr_B_uPt%yRcuvc^,cd*f{q`f^opMY{f	|*m,_bd*dsPq,cqop©ªf w©_B_bu~Pft`qnEctq`nPfj¡Ù_wrwr_¦pr~Pa¡Ù_b^`d V
6`½v5 G*¯<°
  0/ﬃ Vl< ﬃ! BHX¯ `ﬀ  ﬁH;¨°
¦nPf^of*¯<°Dprt¬cuE_wrBnPf	|B^o_~uvce^Iced*fqof^`p=Yf	|zB0±²nPfNP]<­\m,_P|Bfprtabf~Pf^,cq`f%|
pr~*q`n9f}t,cdXf¦c%RyBuE_wrBnPf	|B^o_~Pt

"
c~v|


zvfpr~Pa~9_¦ uvce^Iced*fqof^`p=Yf	|XzBdV

"{¯*ﬃd^Mﬂ¥¯ & b°*bf& ﬃ
[
^)ﬂ
[
¯,&°Gb ° <  ¯o¯Eb  
"
°
"
A 737:9
 ?;
&l¯7b8 


"
°
"
A 73709
 


;
&?b°
'
FU`$%+*¯4ﬃ<° Ł b  
"
 <#% 
"
'
ﬀ, 
"
>
j g&
FU`$%+*¯4ﬃ
[
° Ł  b  
" =<#/ 
"
'
ﬀ! 
"
>
j g&
 $%*¯<°1&
ﬂ¥¯ & b° $5 =W 6v¯4ﬃ,&¯7b8 
"
°
"
A 737:9
 ;
°L&
ﬂ
[
¯ & b° $ 5FM 6P¯*ﬃ
[
&{¯Eb  

"
°
"
A 737:9
 


;
°
-
 	
ﬀﬁﬂﬀﬃ "!#$&%'!#(")*+,-/.,0123$540ﬁﬀ3	ﬀ g	


¯*ﬃd^Mﬂ¥¯ & b°*bÙ° <  ¯o¯Eb  
"
°
"
A8737:9
 ;
&°
'
F ` $ ¯4ﬃ ° Ł  b  
"
 <#% 
"
'
ﬀ! 
"?>
j g&
R$1*¯<°L&
ﬂ¥¯ & b° $ 5FM 6v¯4ﬃ,&¯7b8 
"
°
"
A 73709
 ;
°
-
c~v| q`n9f0d*fqonP_P|Bt|Bprt,m,sPt`tof	|7pr~\v±rg0c~v| v±Ö mc~\zvf0toq`^,cpranBqU¡·_^`¦c^,| fFqof~v|Bf%|
q`_0m,_dXuPsPqofq`nPfﬁf~BsPdXf^Iceq`pr_~ m,_P|Bfﬁ_¡q`n9ft`f<uEc^Iced*fqof^`p=Yf%|0uE_wrBnPf	|B^o_~Ptpr~qonPf
m,_~Bqof,Pq  $ D±

!"(ﬀ 	
²nPfm,_dXuPprwceq`pr_~XtImonPfdXf*|Bft,m,^`przEf	|0pr~ q`nPprtuvcuEf^hnEctzvf{f~0prd*uPwrfdXf~Bq`f	|Xpr~WqonPf
]Dc~v|B_b^`fo4m_d*u9p©wrf^%±]D^`fwrprd*pr~vce^`f,PuEf^`prd*f{~Rqott`n9_¦ qonPff,¶m,prf~Em,_¡¤qonPfaf~9f^IcSµ
q`f	|Xm,_P|BfhzPs9q cew©to_qonPf~Pff	|X_e¡@c~ﬁf,¶m,prf~Bqdc~Ecaf{d*f~BqD_¡Dq`fdXuv_b^Ic^otoq`_b^Icabfl¡Ù_^
|Bprt`q,c~Bq}ce^`^Ic%Xfwrfd*f{~Rqot	±Ek dXfd*_b^`dﬁc~vceafdXf~Bqzvctof	| _~Wcuvcabp©~9ad*f	monvce~Pprt`d
¦nPp¨mon0q`^`prftq`_ zvcw¨c~Em,fq`nPfXt`uEff	| _¡}cbmm,ftot`ftﬁc~v| qonPf*dXfd*_b^`ﬁ^`f%§s9p©^ofd*f{~Rqotprt
t`qosv|Bprf	|£±bk~prd*u9^`_ªf{d*f~Bq£_¡¤qonPfm,_bd*uPprw¨cqop©_b~hd*f{q`nP_P|£y%q`nEcqq,c8f{t¬pr~Bq`_hcm{m,_sP~Bqcq
m,_dXuPprwrf,µMqoprdf¬qonPfhdceuPuPpr~Pa_¡qonPfzPwr_Fm98Bt	y9prt cew©to_pr~Rªbft`qopraRcqof	|£±
 -}ﬂb- - -ﬀ
^`O¬®]\b²b®±Oc^`f%cs¤y&O±b®cprwrwcesv|£y®±
\Rce^I|£yBc~v|h±e²nP_^,c%ªcwU±£®_^`^of	m,qo~Pft`t_e¡¥cesBµ
qo_dceq`f	||Fp©toq`^op©z9sPq`pr_~X_¡Dt`f	§bsPf~Bqopcew¤uP^o_ab^IcdXt	±£U~ﬁk±O_P|BfyE0±Pf{fªfy
ce~v| ±0_w¿¡IyDf	|Bprqo_^`t%y EF1 	 +  M0\# 3
&=+03ﬁ-)& 303ﬀI 1 I
%)%R03ﬀ#)& ﬁ$ 0{yPuEcaf{t*Pg	 Y *b ﬀPy&NBuP^opr~Paf^Fc f^`w¨caEyI\sP~9f.g%bP±
^`O¬®Fg£bb]D± O^ofLY	ce~RBy#Ol±Ö0±®nvceuPdce~¤y@ce~v| Q ±Ö]D±;gEp©dﬁcP±d)*+,- :  3=0L 
	W	(ﬃW ;4; ﬁ v±h²Df	monP~Pp¨mcewfuE_^oq}k®] ® ² b%µg	9yPks9t`q`^op¨c~
®f~Bqof^¡Ù_b^ ]Dce^Icwrwrfw¤®_bd*uPsPq,cqop©_b~¤yR@j_ªfdzEf^g	bP±
^Ö®F>@l,b \E± >±P®_bw©w¨ce^I|£y]D±>9f	cesPq`^op©f{^	yvce~v|²h±Pjprt`t`f{q	±Z!#&ﬀ3- \) ﬁ	Iﬃ
(C 1 3$ﬀ
ﬃL 3  ﬀ30Liﬀ +ﬃ 0 !# ﬀ  & ﬀ±W²Df	monP~9pm{cwf{uv_b^`q*Sµg *Py
ﬃ¥`]Dy
ﬃ¥_~3yG>9^Ice~vm,fy3g	bP±
^Ö®nPf ﬀ,b 0±Ö®±D®nPf~PaE± f~Pf^,cwm,^oprq`f^opc ¡Ù_b^^of	|BsP~v|9c~Bq.ce~v|0~9_~P^of	|BsP~v|9c~Bqwrp¢µ
~Pf%c^pr~Pf	§bsvcew©prqop©f{t	±*&)& L ﬃ C $ -" 	W	 H
 03 \'iF$R$j 	3,-	&ﬀy
*bB¯Ig%°LVÖ YRBPykluP^`prwg	ﬂﬀ9±
^Ö®nPf	,b ±®nf{^`_~3±  R 0P)&I K$jM,+0\)& * \=%Q0$  FM!=ﬀ3- \

)*	C*03ﬀ
*#00ﬁﬀ±]Dnv­ q`nPftoprt	yP> NB`®B.~Pprªbf^`top©qPfh|Bff{~P~Pfty\sPwr<g	b9±
g  5 120AP)G &0312)GﬂﬀF
	W;AP  W=ﬀW0K 0
^Ö­sF¡Mb  ± \E±v­lsB¶*~¤±l~<¡·_sP^op©f{^ t}ce~vcwrBt`prt_e¡w©pr~Pf%c^pr~Pf%§sEcwrprqUtoBt`q`f{d*t	±  ]

 
 0\,-  # ﬁ% ""&%Z )'y3gRVÖPgYF *9yvg%ev±
^`>Pf	cﬂﬀ,b ]D± >9f	cesPq`^op©f{^	±dNBfdﬁc~Bq`p¨mcew4ce~vcwrBt`prtce~v| dceq`nPf{dcqop¨mcwDuP^o_a^,cdXd*p¢~9av±
ceuPuPwrp¨mcqop©_b~*qo_*uvce^Icwrwrfwrp=Y	cqopr_~ce~v|ﬁªbf	m,q`_b^`p=Y	ceq`pr_~¤±jU~W0±£®_to~vc^,|<c~v|
cewM±ryBf	|Fp©qo_^ot	y  M0\  
?ﬂﬀ  L

)*+0)i`%R L= 
GiﬀyPuvceafthbŁ
YPbŁPy<Dw¿µ
tofªBp©f{^KNPm,prf~vm,f]DsPz9w©prtonPf^`tKOl± c±¥¯-@_b^`qon Qj_wrw¨c~v|9°y£g	ﬂﬀ9±
^`>@ Łb ]D±;>9f	cs9q`^`prf^ﬁc~v| 0f^oq`n 0±Öh± k toBt`q`f{dcqop¨mceuPuP^o_Rcmon q`_0u9^`_ab^Iced
qo^Ic~9tU¡Ù_b^`dceq`pr_~9t	±EU~L&0\ L	_ 6Wﬀ
3$]5!#$=0L ﬁﬀ ﬃW ]  3 
=0L !#K$j)R0\ 3ﬀyBuvcabfthgg%
Y g%9yR]Dc^oprt	yP­lf	m,fdzEf^hg%Ł9±
^`>P_b^I,b Qjp©abnW]3f^U¡·_^`dﬁc~vmf(>P_b^`qo^Ic~d>9_^`s9dW±?=% 
, 0\ ﬃW L30iA2 3 51 I
%)%R0  *$ 03\ #3	9±<²Df	monP~Pp¨mcew¬fuE_^oq(c f^`top©_b~ g±ÖŁPy3p¨m,f .~9p©ªbf^`toprqURy
<c%<g%bP±
^`QKal²,b N£±JQpr^Ice~vc~v|9c~PpUyPa± alf~P~Pf	|FRyDc~v|0®±  ±E²tof~Pav±ﬁ®_dXuPprwrp©~9a>3_^oq`^,c~
­ ¡·_^ﬁ`<­ ­lprt`qo^`przPsPqof	|bµ`ﬁfdX_^`<cmonPpr~Pft%±!#"()&  ,- &ﬀ?+ﬃF 
 0
"! <yP *F¯ ﬀb°yBks9asPtoqhg	bP±
^ Uk}Pgﬁb >±3U^`pra_bp©~0c~E|0®±¤kl~vm,_s9^`q	±dNPm{c~P~Ppr~Pa uv_bw©BnPf%|B^Ic ¦prq`n|B_<wr_B_u9t	±<U~
H
& MD"!   	];1P4  K$ﬀL)& [# LjL`$jM0ﬁﬀUk# *3	30K+ﬃ] 

 3=0L# ﬁ% ""&%yBuvcabft Y *Ł9ykluP^`prwg	9g±
^`NPmonﬁﬀ,b k±;NPmonP^`p ,ªbf^	± H
0  Ldﬃ 1 j0  I L&0+%0\ :# ﬁ%, 3"(/&%S±'/M0\

\&+0\ 3ﬀW\	0Lj 0U  0\ L	0ﬁﬀ?/'
=ﬀWL 3030  ] 
 0\,-	ﬁﬀC $ -" 	W	Py\_bnP~
 prwrfc~v|NB_b~Pt	y3g	ﬂﬀP±
Unite´ de recherche INRIA Lorraine, Technoˆpole de Nancy-Brabois, Campus scientifique,
615 rue de Jardin Botanique, BP 101, 54600 VILLERS L `ES NANCY
Unite´ de recherche INRIA Rennes, IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unite´ de recherche INRIA Rhoˆne-Alpes, 46 avenue Fe´lix Viallet, 38031 GRENOBLE Cedex 1
Unite´ de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105,
78153 LE CHESNAY Cedex
Unite´ de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS
Cedex
´Editeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
(France)
ISSN 0249-6399
